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(54) Direct sequence code division multiple access cellular system 



(57) A (direct-sequence code division multiple ac- 
cess) DS-CDMA cellular system includes a plurality of 
cells each having one base station and a plurality of mo- 
bile stations. A signal transmitted form the base station 
is distinguished by a bng codes each of which is differ- 
ent from the others being uniquely allocated to each cell. 
A long code synchronization timing being detected by a 
correlation using a comrTX>n short code. The kxig codes 
arc searched in each mobile station by a partial correla- 
tion in a timing according to the kxig cocfc synchroniza- 
tion timing. The partial correlation is a correlation bet- 
ween a signal received and a segment of a code defined 
by a part of the long code, the part being shifted in the 
k>ng code. 

Further, the long codes arc classified into a plurality 
of long code groups defined by \ong code group identi- 
fication codes. A delay profile of the k>ng code group 
identificatk)n code is detected and is conrtpensated in 
fading according to said short code. Then, the k>ng code 
group identification code is combined by rake combin- 
ing, and is demodulated. 
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Description 

Detailed Description of the invention 

s Background of the Invention 
Field of the Invention 

[0CX)1] The present invention relates to a DS-CDMA cellular system using a long spreading code. 

10 

Prior Aft 

[0002] Recently, the direct sequence code division multiple access (DS-CDMA) cellular system attracts attention as 
the users of the land mobile communication increase, because the DS-CDMA system has a hot of capacity in each 

15 channel. The DS-CDMA system is lower in frequency usage efficiency due to interference between among a plurality 
of nrK)bile stations or a plurality of base stations than other systems such as the frequency division multiple access 
(FDMA) system and the time division multiple access (TDM A) system. However, in the DS-CDMA system, the special 
reuse efficiency (cell repetition ratio of one frequency) contributes the total frequency efficiency, so it is possible to 
realize a system with high interference tolerance and high cell repetition ratb. 

20 [0003] There are two types of DS-CDMA system, that is, a synchronous system among base statbns and an asyn- 
chronous system among base stations. The time synchronization is strictly perfomned among base stations in the 
synchrorK>us system by means of an external synchronization system such as a global positioning system (GPS), and 
the synchronization is not performed in the asynchronous system. The synchronous system has advantages that the 
initial cell search can be easily completed by a timing synchronization of a long code because the same bng code Is 

25 used tor all of the base stations with different delay times, and that the peripheral cell search during a hand-over can 
be quickly completed because a code delay information of peripheral base stations is given to a mobile station. 
[0004] While, in the asynchronous system, the bng code albcated to one base station is different from the bng 
codes of other base statbns for distinguishing the base stations. Each mobile station has to judge the bng code during 
the initial cell search. In the peripheral cell search, one long code is found among a plurality of long codes used in the 

30 peripheral base stations according to an information of peripheral base stations given by the current base station. 
Therefore, the search time is much longer than that of the synchronous system. 

[0005] A cell search scheme for quck acquisition in the asynchronous is proposed in Two-stage f=tapid Acquisition 
Scheme in DS-CDMA Asynchronous Cellular System" by Kenichi HIGUCHI. Mamoru SAWAHASHI and Fumiya 
ADACHI, Technical Report of lEICE, CS-96. RCS96-01 2(1 996-05). In this scheme, first a long code timing is detected 
35 according to a despread of a short code common to all of the base stations by means of a matched fitter, then the bng 
code is judged by means of a matched filter or a sliding correlator 

[0006] Next, the acquisition scheme is descrft>ed. A symbol is twice spreaded by one of long codes LC#1 , LC#/2, .... 
LC#N corresponding to base statbns BS1 , BS2, ...» BSN, and by one of short codes SC#0, SC#2, SC#M con-e- 
sponding to a plurality of channels. The short codes SC#0, SC#2, .... SC#M are common for every cells. 

40 [0007] The acquisition scheme is detailed described with reference to Fig^5. There are shown signals in the upper 
half area, upper than a chained line, which are transmitted from the base stations BSk, BSk+1 , BSk+2 and are received 
by a mobile statbn. An acquisition result is shown in the lower half area The mobile station has a plurality control 
channels through which the signals from the base statbns BSk, BSk+1 and BSk+2 are received. In the control channels, 
a symbol, shown by hatched rectangles, is despread by a short code SC#0 common to the total base stations at a 

^ predetermined symbol timing in each long code period. At the other symbol timings, the sigr^l is despread twice by 
the above short code SC#0 and by a long code LC#i albcated to the corresporxiir^ base station in each control channel. 
The long code of one base station is different from those of the other base stations. Therefore, even when signals from 
a plurality of base stations are received simultaneously, the signals for control can be demodulated without any con- 
fusion. Then, the signals for control are received asynchrorKXisly by the mobile statbn as one multiplexed signal. 

50 [0008] The nrKtbile statbn performs the cell search in two steps, as folbws. At the first stage in Fig^5, a correlation 
between a replica of the short code SC#0 of the control channel and a sample of the received signal, by means of a 
matched filter. Since the symbol spreaded by the common short code SC#0 exists at a predetermined timing in every 
long code period, as mentioned above, a correlation peak by the short code SC#0 indicates a synchronous timing for 
receiving the signals spreaded by the bng codes. 

55 [0009] At the second stage in Fig, 25, a plurality of bng codes LC#i are selected from bng code LC#I to LC#N one 
after another, and composite codes are successively generated by each of the selected bng codes and the short code 
SC#0. Correlation is calculated between each of the composite codes and the received signal at the synchronous 
timing detected in the first stage by means of a sliding correlator For the acquisition, the bng codes are selected from 
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the total long codes determined, while for the peripheral cell search, only the long codes designated by the current 
base station. The correlation calculated Is repeated until a correlation peak exceeds a threshold. When the correlation 
peak exceeds the threshold, the long code applied is determined to be the long code of the control channel. Then, the 
base station is determined and the cell search is finished. 
5 [0010] Since the timing synchronization and the long code kJentification are independently performed from each 
other, the cell search time becomes much shorter. The number of cell search is decreased to be (Number of spread 
code length + Number of spread code phases) comparing to the number of (Number of spread code length X Number 
of spread code phases ) in the synchronous system. 

[0011] In the Japanese Patent Publication Heil 0-200447, the inventors of the present inventksn proposed an im- 
10 proved acquisition scheme in the asynchronous cellular system among base statkjns. In this scheme, a segment of 
the composite code, much shorter than the composite code as it is, is used for the correlation calculatbn. The tong 
code identificatkxi and the acquisition are quickened. 

[0012] Fig.26 shows a receiving system for the proposed scheme. The reference number 1 is a complex matched 
filter. 2 is a spreading code generator, 3 is a electrical power calculator, 4 is a judging portrcn of tong code timing 

15 synchronization, 5 is a threshold cateulator and 6 is a long code identification portion. The matched filter 1 comprises, 
a shift register 11 whk^h samples with shifting a received base band signal synchronously to a sampling ctock CL and 
has a number of stages equal to a number of chip of the segment, for example 1 28 stages; a pseudo-noise (PN) code 
register 12 to which the segment is loaded; a plurality of multiplication circuits 13, for example number of 128, for 
multiplying corresponding data of the shift register 11 and of the PN code register 12; and an adder 14 for summing 

20 up outputs of the multiplication circuits 1 3. The matched filter 1 may be a circuit consisting of a charge-coupled devk:e 
(CCD), a surface acoustic wave (SAW) device or a digital circuit. However, the matched fitter in the proposed circuit 
is the most advantageous in view of the cateulation speed, electrical power consumptkxi and accuracy. 
[001 3] A transmisston signal of a radb frequency (RF) from a base station is input through a receiver antenna to a 
radio frequency receiver portion for converting the radio frequency signal into a intermediate frequency signal. The 

25 converted signal is multiplied by an output of an intermediate frequency oscillator and passed through a low-pass filter 
to be a base band received signal. The base band signal is input to the matched filter 1 so that the correlation with the 
spreading code replica supplied from the spreading code generator 2. The power cateulator 3 cabulates an electrical 
power of a correlatk)n output of the matched filter 1 and outputs the calculation result to the judging portton of long 
code timing synchronizatkxi 4, the threshokJ calculator 5 and the kxig code identificatton portton 6. The matched fitter 

30 is a complex matched fitter for cateulating the correlatton of an in-phase (I) component and a quadrature (Q) component. 
The power calculator 3 cateulates a squared absolute value (l^+Q^) of the correlatton of both components. 
[0014] The spreading code generator 2 is controlled by the judging portton of tong code timing synchronizatton 4 
and the tong code identification portion 6. The spreading code generator outputs the short code SC#0 during the 
acquisition, and outputs the composite codes made by each of the long codes LC#i of the base stattons and the short 

35 code SC#0 one after another, after the long code synchronization timing is detected. 

[0015] During the peripheral cell search before the hand-over, the common control code is received similarly to the 
acquisition for establishing the tong code synchronizatton timing. When a long code synchronizatton timing is estab- 
lished for the next base station after the handover, the segnoents of the composite codes made by the short code 
SC#0 and the segments of the long codes LC#i to be searched are output one after another from the spreading code 

40 generator 2. 

[0016] In the acquisition, the judging portion 4 toads the short code SC#0 from the spreading code generator 2 to 
the PN code register 1 2 in the matched filter 1 . Simultaneously, the judging portion 4 outputs a timing of the nraximum 
power of an average of the correlation over a predetermined number of long code pertods, to the spreading code 
generator 2 and to the threshold calculator. The threshoW cafculator 5 catoulates a threshokJ for the tong code identi- 

45 ficatton portion 6 according to the nnaximum power at the timing of the long code timing synchronization. 

[0017] in the peripheral cell search for the hand-over, the short code SC#0 is toaded from the spreading code gen- 
erator 2 to in the matched fitter 1 , similarly to the above. Timing is detected of the maximum power of an average of 
the correlation over a predetemnined number of tong code pertods, by the composite codes made by other tong codes 
thian that of the current base station. The timing is output to the spreading code generator 2 and the threshoto catoulator 

so as the tong code synchronizatton timing of the next base statton. The spreading code generator 2 toads the first segment 
to the matched filter 1 . 

[0018] After the long code synchronizatton timing is detected, the long code kientificatton portion 6 loads the seg- 
ments of the composite codes one after another, and compares the output of the power cafculator 3 with the threshold. 
If the power is more than the threshold, a code number df the tong code of the composite code is output for defining 
55 the next base statton, 

[0019] The outputs of the matched filter 1 and the power catoulator 3 are output to a received data processor (not 
shown), if necessary. The output of the matched filter 1 is output to the rake combiner, the output of the power calculator 
3 is output to a multi-path detector for path<Jiversrty reception. 
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[0020] The proposed scheme is further detailed described with reference to Figs.27 and 28 showing flow charts. 
[0021] In Fig.27(a), the scheme consists of two stages of i) a tong code timing detection process (step S100) and il) 
a long code identification process (step200). as mentioned above. Fig.27(b) shows a flow chart of the tong code timing 
detection process. 

s [0022] In step S101. the common short code SC#0 is loaded from the spreading code generator 2 to the PN code 
register 12. Then, the matched filter 1 output the correlation between the sample of the base band signal and the 
common short code SC#0. In step SI 02, the power calculator calculates the power of the output from the matched 
filter 1 . In step 3, the power over the threshold and the timing thereof are registered and the average of the power is 
calculated. The maximum average value is extracted for determining the timing of the chip synchronization and long 

10 code synchronization. 

[0023] Fig.28 shows a shows a flow chart of the long code identification process S200. First, a number "j" of long 
codes is initialized to be "1 • in step S201 . The segment of the predetermined length of N chips, for example N=1 28, is 
loaded to the PN code register 12 in step S202. Then, the matched fitter 1 calculates a coaelation between the sample 
of the received signal and the segment of the composite code #1 . It is judged whether the power output from the power 
IS calculator 3 is bigger than the threshold calculated by the threshold calculator 5 or not in step 203. If the judgment is 
■YES", the number "j" is determined to be the tong code number. 

[0024] If the judgment is 'NO', it is judged whether the number "j" is the last number of the long codes or not in step 
S203. If it is not the last number, the number is increased by "1" in step S205, and then returned to the step S202. The 
correlation is calculated again by the composite code made by the new long code. If the tong code is the last, the long 
20 code synchronizatton timing is deemed to be erroneous and the detection of the tong code synchronization timing is 
restarted from the step SI 00. 

[0025] Fig.29 shows the correlation calculation result in detail. In Fig.29, the horizontal coordinate is time and (a) 
shows the sample of the received base band signal input to the shift register 11 of the matched filter I, and (b) shows 
the segment of N (-128) chips of the composite codes #1 to #512. As for the composite code #1 made by the short 

2S code SC#0 and the long code #1 , the first 128 chips are loaded to the PN code register 12 so as to be multiplied to 
the received base band sigr^. The receive dbase band signal is input to the shift register 11 and shifted therein in 
response to the sampling clock CL The 1 28 multiplication circuits 1 3 multiply the corresponding data in the shift register 
1 1 and the PN code register 1 2. When 1 28 chips of base \>an6 signals are stored in the shift register 11 , the output of 
the adder 14, that is, the correlation output becomes valid. This correlation is a partial correlation by the segment. 

30 [0026] The loading of the successive segments is performed every M chips time. So, the next segment of the com- 
posite code #2 is loaded to the PN code register 1 2 when the base band signal is shifted by M chips from the correlation 
cateulation by the first composite code. This time, new M chip signals are input to the shift register 11. The partial 
correlation is calculated for the data from (M+1)th to (M+128)th chips with the second segment. 
[0027] The partial correlatton is repeatedly calculated every M chips time by the segments successively loaded, until 

35 the power of the partial correlation exceeds the threshold and the judgment in the step S203 becomes "YES". The time 
distance M may be "1". However, it is possible to set M-4 in view c* chip synchronization accuracy, change in the 
correlation peak etc. 

[0028] In the proposed scheme, the partial signals shifting through the shift register is used for the correlatton cal- 
culation a plurality of times because the partial correlation by the segment is performed. The long code identification 
40 is quickly completed. When the length of the segment is 1 28, the interval M is 4 and the total number of the tong codes 
is 512, the total search time is 128| .(512-1) X 4=2172 chips time. 

[0029] Furthermore, there is a DS-CDMA system of high speed tong code search, in v^fhich the tong codes are clas- 
sified into a plurality of tong code groups and a long code group index code is transmitted. 

[0030] As shown in Fig. 30, the comrrwn short code CSC and a tong code LC is received in the control channel (perch 
45 channel) 1 of the receiver. While, the long code group index code GIC is received in the second control channel PCH2. 
The long code synchronization timing is detected by the common short code SCS, arKi the long code group index code 
GIC is despreadfor determining the long code group. Then, only the long codes betongingtothe determined long code 
group are searched. However, the search speed was not so high because the long code group index code is ncA always 
successful due to fading errors etc. 

50 

Sunnmary of the Inventton 

[0031] The present inventton has an object to provkJe a DS-CDMA cellular system capable of tong-code search at 
high speed. 

55 [0032] tn a DS-CDMA cellular system according to the present invention, a partial correlation is calculated between 
received signal and a plurality of segments which are extracted from a composite code at different positions. 
[0033] In a DS-CDMA cellular system according to the present inventton, a leading end of a slot is detected from a 
common short code, and a group identification code is despread at a timing according to the leading end of the stot. 
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Brief Description of the Invention 
[0034] 

s Fig. 1 is a block diagram showing a long code identification portion applied to a long code search scheme of a first 

embodiment according to the present invention; 
Fig, 2 is a flowchart of the first embodiment; 
Fig. 3 is a timing chart of the first embodiment; 

Fig. 4 is a block diagram showing a k>ng code kientification portk>n applied to a bng code search scheme of a 
10 second embodiment according to the present invention; 

Fig. 5 is a flowchart of the second embodiment; 
Fig.6 is a timing chart of the second embodiment; 

Fig.7 is a block diagram showing a long code identification portion applied to a bng code search scheme of a third 
embodiment according to the present invention; 
IS Fig.8 is a flowchart of the third embodiment; 

Fig. 9 is a timing chart of the third embodiment; 

Fig. 10 is a block diagram showing a long code identificatbn portion applied to a long code search scheme of a 
fourth embodiment according to the present invention; 
Fig. 11 is a flowchart of the fourth embodiment; 
20 Fig. 1 2 is a timing chart of the fourth embodiment; 

Fig. 1 3 is a bkx;k diagram showing a signal reception apparatus applied to the fifth embodiment of the present 
invention; 

Fig. 14 is a flowchart showing a signal reception scheme of the fifth embodiment; 

Fig. 15 is a flowchart showing a process of selecting a group identiflcatkxi code of the fifth embodiment; 
25 Fig.16A is a block diagram showing a detecting portbn of slot timing in Fig. 13; 

Fig.lGB is a block diagram showing a GIC detecting portbn in Fig. 13; 

Fig.lBC is a bkx:k diagram showing a k)ng code search portion of slot timing in Fig.13; 

Fig.16D is a bkx;k diagram showing a signal receptkxi portk>n in Fig.13; 

Fig. 17 is a block diagram showing a frame synchronization establishing portkxi in Fig.13; 
30 Fig. 1 8 is a block diagram showing a gain control apparatus in a signal reception apparatus of a sixth embodiment 

of the present invention; 

Fig. 19 is a timing chart showing signals of the gain control apparatus; 
Fig. 20 is a block diagram showing a complex rr^tched filter; 
Fig. 21 is a graph showing a relationship between an absolute signal and a gain; 
35 Fig. 22 is a block diagram showing a gain control apparatus in a signal receptbn apparatus of a seventh embodiment 

of the present invention; 

Fig. 23 is a bkx:k diagram showing a complex absolute circuit; 
Fig. 24 is a bkxk diagram showing a absolute circuit in the complex absolute circuit; 
Fig. 25 is a timing chart of a conventbnal two-step acquisitk)n scheme; 
^ Fig. 26 is a bkx:k diagram showing a signal reception apparatus for a two-step acquisitkxi scheme proposed by 

the inventors of the present invention; 

Fig. 27 is a flowchart showing the two-step acquisitkxi scheme in Fig.26; 
Fig. 28 is another flowchart showing the two-step acquisition scheme in Fig.26; 
Fig. 29 is a timing chart showing the two-step acquisitkxi scheme in Fig.26; and 
^ Fig. 30 is a conceptual view of a signal used in another conventkxial scheme. 

Preferred Embodiment 

[0035] Hereinafter, preferred embodiments of a DS-CDMA cellular system according to the present inventon are 
so described with reference to the attached drawings. 

[0036] Figs. 1 to 3 show a flrst embodiment of a long code search scheme the present invention in whbh an average 
of an electrical power of an output from a matched Alter is cak:ulated with respect to a plurality of continuous symbols 
in order to eliminate influences of noises. 

[0037] Fig.1 is a functk)nal block diagram of a kxig code identificatk>n portkxi 6 of the first embodiment. In Fig.1 , a 
55 reference numerous 31 designates an analog to digital (A/D) converter for converting an output of a power calcutatkxi 
portkxi 3 into a digital data. An output of the A/D converter 31 is input to an averaging portion 32 for averaging powers 
of correlatkxi of a plurality of symbols. The averaging circuit 32 holds and adds power of correlation of the digital data 
for a plurality of symbols, and divkJes the addition by the number of symbols so as to obtain the average. An output of 
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the averaging portion 32 is input to a judgment portion 33 for comparing the output with a threshold calculated by a 
threshold calculator 5 in Fig.26, The influence of noise is eliminated by averaging the partial correlation. The segment 
is of a data length equal to a number of chips of one symbol 

[0038] When the averaging portion 32 and the judgment portion 33 are constructed by an analog circuit, the A/D 

s converter 31 can be omitted. 

[0039] The long code identification process of the first embodiment is described with reference to Figs. 2 and 3. The 
long code identification is performed after a tong code timing detectbn shown in Figs.27(a) and (b). I n Fig.3, a horizontal 
coordinate represents time", (1 ) shows a sample data received, and (2) shows a sampling clock CL for sampling the 
sample data. As mentioned above, the received base band signal is sampled every sampling clocks. Representatively 

10 only a data held in the last stage SH,28 register 11 is shown as the sample cteta. (3) shows the segment 

(PN segment) stored in the PN register 1 2 of the matched fitter 1 , (4) shows the power output from the power cateulator 
3 of correlatkxi between the sample of received signal and the PN segment. (5) shows the average of the correlation 
power output from the averaging portion, and (6) shows an output of the judgnrrent portion. In the timing charts including 
Flg.3. the delay time is neglected and the time distance is set to be "1 " for easy understanding. 

IS [0040] In the bng code identification process, a number J of the composite code to be applied is set to be an initial 
value *1 ' at step S11 . At step S12, a number k of the segment of the composite code #J is set to be an initial value . 
■f. At step SI 3, the segment k of the composite code #J is toaded from the spreading code generator 2 (Fig56) to 
the PN code register 12 in the matched filter 1. In the embodiment of Fig.3, at time T1. the first segment (#1,1) of the 
composite code #1 including chips from the first to the 1 28* is loaded. A correlatbn is calculated between the sample 

20 of the received signal and the segment (#1.1), and the power of the correlation is output from the power calculator 3 
(Fig. 14). At step 15, the power is stored together with the timing data. 

[0041] At step 16, the number k of the segment is judged whether rt is the final segment number or not. In Fig.2 the 
final k is ■3'. At the timing T1 , the judgment is "NO". Next, k is increased by "1 " at step SI 7 and the process is return 
to the step SI 3. 

25 [0042] Then, the second segment 2(#1 , 2) consisting of chips from the second to the 1 29** is loaded to the PN code 
register 12. A correlation is calculated between the sample of the received signal and the segment (#1,2), and the 
power of the correlatwn is output from the power cateulator 3 (step 14) at a time T2. At step 15, the power is stored 
together with the timing data. At step 16, the number k of the segment is judged a^in whether it is the final segment 
number or not. These processes are repeated with shifting the segment until k reaches "3". 

30 [0043] When k=3 and the judgment becomes "YES", an average of power of the correlatbn between the sample 
and the k symbols of the composite code. At step SI 9, the average is judged whether it is wore than the threshold or 
nc^. When the judgment is "YES", the long code con-esponding to the composite code is judged as the long code of 
the base statkxi from whk:h the signals are transmined, and the tong code identification is finished. 
[0044] If the judgment at step SI 9 is "NO", rt is judged whether the composite code is the final composite code or 

35 not. If this judgment is "YES", the detectbn of long code synchronization timing deemed erroneous, and the process 
is returned to the step SI 00 (Fig.1 5), If the judgment is "NO", the number J of the composite code is increased by ' V, 
and the process is repeated from the step SI 2. For example, when J=2 and the segment is the first segment (#2.4) of 
the composite code #2, that is, 4*^ to 1 31 * chip of the composite code #2 is loaded to the PN code register 12. Then, 
the correlation with the sample of the received signal is cafeulated. 

^ [0045] As mentioned above, the tong code kJentificatton is perfomned from the averaged correlation power generated 
by a plurality of segments shifted of a composite code. Since the influence of the noise or fading is reduced due to the 
above averaging, a misjudgnnent is decrease. The number k is rKrt limited to "S". any number of correlation outputs 
can be utilized. 

[0046] Next, a second embodiment is described with reference to the attached Figs.4 to 6. Fig.4 ^ a functional block 
45 diagram, Fig.5 is a flowcfiart and Fig. 6 is a timing chart of the second embodiment. This embodiment is advantageous 
in the case that the control channel for tong code identificatton is not modulated and the influence of the noise and 
fading is less than the first embodiment. 

[0047] In Fig.4, the output of the matched filter 1 and its power are input to an A^ converter 41 . An output of the A/ 
D converter 41 is input to an averaging portton 42 which holds correlation outputs of a plurality of continuous segment, 
so and calculates averages of I- and Q-components when the power is more than a threshold. An electrical power of the 
averages of the I- and Q-components is calculated in a power cateulatton portion 43, which power is compared with 
the threshold for long code judgment 

[0048] When the averaging portton 42 and the judgement portion 43 are constructed by an analog circuit, the A/D 
converter 41 can be omitted. 

55 [0049] The second embodiment shown in the flowchart of Fig.5 has a difference from the first embodiment in that 
the step S34 is only a con^elation process, not including the power calculatton, and a power calculat ton portton S39 is 
added after an averaging portion S38. Since the other processes are simitar to ttK>se in the first embodiment, and 
descriptions therefor are omitted. 
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[0050] The timing chart in Fig.6 has a difference from Fig. 3 in that the electrical power (5) is calculated after an 
average (4) Is calculated. Since the other processes are similar to those in Fig. 3, descriptions therefor are omitted. 
[0051] In the second embodiment, positive and negative noises are cancelled because the power is calculated from 
the averages of the I - and Q-components. The noise reduction effect is higher than the second embodiment. Since the 
s average is zero when the control channel is modulated, this embodiment is effective for a control channel without 
modulation. 

[0052] Next, a third embodiment is described with reference to the attached Figs.7 to 9. Fig.7 is a functional block 
diagram, Fig.8 is a flowchart and Fig. 9 is a timing chart of the third embodiment. This embodiment judgment of the 
long code identification according to an average of correlation powers of a plurality of path. The influence of the noise 

10 and fading is less than the judgment according to a single pat in the first and second embodiments. 

[0053] In Fig.7, the reference number 51 designates an A/D converter for converting the output of the power calcu- 
lation portion 3 into a digital signal, 52 designates an averaging portion for holding correlation outputs of a plurality of 
paths output from the A/D converter 51 , 53 designates a judgment portion for comparing an output of the averaging 
portion 52 and the data from the threshold calculator 5 (Fig.26). 

IS [0054] In Fig.8 is the flowchart of the third embodiment. Similarly to the above, "J" is the number of the composite 
codes as well as the long code, "k* is the number of synnbols for calculating the average of the correlation from the 
composite code, and 'i' is number of chips of the delay time for detecting the multi-path. 

[0055] In Fig.9, a horizontal coordinate represents time', (1 ) shows a sample data received, and (2), and (3) shows 
the segment (PN segment) stored in the PN register 1 2 of the matched filter 1 . Hatched waves indicate that peaks are 
20 detected at the timing. (4) shows the power output from the power cateulator 3 of correlation between the sample of 
received signal and the PN segment. (5) shows the average of the correlatk>n power output from the averaging portion, 
(6) shows the average of multi-path correatlion outputs of the plurality of segments, and (7) shows an output of the 
judgment portion. In the timing charts including Fig.3, V is 2 and "i" is 6, then multi-paths of the delay time up to 6 
chips can be used. 

2S [0056] In the long code identification process, a number J of the composite code to be applied is set to be an initial 
value "1 ■ at step S51 . At step S52 and 853. the numbers k and i are set to be an initial value "I At step S54, the first 
segment of 1 to 1 28^ chips (#1 , 1 ) of the first composite code #1 is toaded in the PN code register 1 2 during a period 
T1 in Fig.9, A correlation is calculated between the sample of the received signal and the segment (#1,1), and the 
power of the correlatbn is output from the power calculator 3 (S55). At step 56. the power is heW together with the 

30 timing, ant at step 857, the correlatbn power of a plurality of paths are added. 

[0057] It also possible to omit the thresholding in the Step 56, when a timing is detected of sufficiently high peaks of 
the corelation by the short code in the common control channel. The correlation power is recurrently integrated for a 
plurality of symbols when the kxig code synchronizatk>n timing is detected. The timing of the maximum peak and peaks 
adjacent the timing within a predetermined time are detected from a plurality of peaks. The output of the power cateulator 

35 3 added at these timings are in step 857. 

[OOSB] At step 58, it is judged whether the number i is the final number or not. When the judgment is "NO", i is 
increased by "I" at step 859 and the PN code stored in the shift register 12 is shifted by one stage. Then, a shifted 
PN code with circulatkxi by one chip, the 128** chip and 1«* to 127*** chips (#1,1-1) of the composite code are stored 
in the PN code register 12 during period T2 in Fig.9. When the correlation power (peak) is more than the threshoki as 

40 shown by the hatched area, the power and its timing are held at step 856. The processes are repeated so that the 
correlatkxi powers of the paths are added until the number i reach the maximum. 

[0059] When the judgment at step 858 is •YE8*. it is judged whether k is maximum or not. When the judgment is 
•NO", k is increased by '1 ' at step 862 and the process is returned to step 53. The new segment k of the same composite 
code J (#1 ,7-0), 7** to 1 34* chips of the composite code #1 , is k>aded in the PN code register 1 2 so that a correlatbn 

45 with the sample of the received signal. Then, the correlatbn is repeatedly cateulated by the shifted PN code with 
circulation in the PN code register 12 until i reach maximum so that the correlatk)n power of the peak is calculated. 
The processes above are repeated unfil k reach the maximum. When the judgment of step 861 becomes 'YES", an 
average of correlation power of a plurality of paths are cateulated for each segment at step 863. T step 864, the average 
is judged whether it is more tfian the threshoki or not. 

so [0060] If the judgment at step 864 is "NO", it is judged at step 865 whether the composite code J is the final composite 
code or not. If the judgment is 'NO', the number J of the composite code is increased by 'I and the process is repeated 
from the step 852. If this judgment is "YES*, the detectkjn of long code synch ronizatkxi timing deemed erroneous, and 
the prccess is returned to the step 8100 (Fig.15), When the judgment 864 is 'YES', the long code J is determined to 
be the bng code number of the base station. 

ss [0061] In this embodiment, the correction powers of a plurality of paths are added in addition to using an average 
of correlatwn powers of a plurality of symbols. The influence of noise and fading is less those in the first and second 
embodiment using single path. 

[0062] Next, a fourth embodiment is described with reference to the attached Figs. 10 to 12. Fig. 10 is a functional 
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block diagram, Fig. 11 is a flowchart and Fig, 12 is a timing chart of the fourth embodiment. This embodiment utilizes 
the mutti-path similarly to the third embodiment. The correlation powers of the multi-paths are not simply summed up, 
but the correlation of I- and Q-components are compensated in fading, and rake combining is performed for the conrt- 
pensated components. The k>ng code judgment is nrK>re accurate. This embodiment is advantageous in the case that 

s the control channel is not modulated. 

[0063] In Fig. 10, the reference numerous 61 is an A/D converter directly receiving the output of the matched filter 1 
and 62 is a fading compensation portkMi for performing fading compensatbn of an output of the A/D converter. The 
long code identificatbn is performed by a control channel not modulated. The phase error due to fading is predicted 
from the averages of the I- and Q-components for a plurality of symbols. The fading compensatbn portion 62 com- 

10 pensates the fading phase error of the output of the matched fitter 1 . 1 n the fading compensatkxi, a correct on coefficient 
is calculated from the phase error, by which the I- and Q-components are multiplied. 

[0064] 63 is a rake combining and averaging portbn for rake-combining of the output of the fading compensatk>n 
portkxi 62 and for averaging the output of the rake combining. 64 Is a power calculator for calculating a power (I^^^Q^ 
of the output of the portion 63. 65 is a judgment portion for judging whether the output of the power calculator 64 with 
IS the threshold supplied by the threshold calculator 5 (Fig. 1 4). 

[0065] In the flowchart of Fig.1 1 . steps from S71 to S74 are similar to those of the third embodiment in Fig.8. At the 
step S75, the correlation outputs power of which are over the threshold are held, and the correlation of multi-path is 
detected by a kx>p of steps S75 to 78, similarty to above. 

[0066] It also possible to omit the thresholding in the Step 75, when a timing Is detected of sufficiently high peaks of 

20 the correlation by the short code in the comnrxjn control channel. 

[0067] In Fig. 1 2, the correlation peaks for the first composite code #1 . 1 are shown in the periods T2, T3 and T6. The 
fading compensation of each path is performed at step S79 using independent correctbn coefficients for each path 
from coefficients of the other paths. At step S80, the rake combining Is performed for correlatbn output of each path 
compensated in fading. These processes are performed for a plurality of segments of number of k in one composite 

25 code (step S82), and the average is cak^ulated at step S83. In the embodiment of Fig.1 0, the average of the segments 
#1.1 and #1 .7 of the first composite code after the rake combining. 

[0068] The segment is not limited to the segment of a composite code made by the bng code and the short code 
common to the total cells. Segments can be used, such as a segment of long codes uniquely alkx^ated to the cells, or, 
a composite code multiplied by "+1 ' or whk:h composite code is made by a the above segment and the common 
30 short code. 

[0069] Next, the fifth embodiment of the present invention is described with referertce to the attached Figs. 1 3 to 1 7. 
[0070] Fig. 13 shows a signal receptkxi apparatus for the fifth embodiment, including a high frequency receptk>n 
portbn HFR for receiving a signal of a radio frequency and for converting the signal into a intermediate frequency 
signal. The intermediate frequency signal is divided Into I- and Q-components by a quadrature detector QD. These 
^ components are passed through a low-pass filter LPF. The output of the low-pass filter LPF is input parallelty to a sk>t 
timing detector ST. a long code identrficatkxi code GIC detector GD, a frame synch ronizatkxi establishing portion FS, 
a bng code search portbn LCS, and a signal reception portion SR. These portbns canrxst be clearly classified In a 
practical system because there a hot of circuits commonly used by a plurality of portbns. 

[0071] Fig. 1 4 is a flowchart of a signal receptbn scheme according to the present inventbn. At step S201 , a comnrxxi 
40 short code CSC is continuously observed by the sbt timing detector ST, and a power of a despread output is stored 
at step S202. The power is averaged for a plurality of sk^s at step S205. A slot leading edge timing is determined 
according to the average at step S205. At step S206, a bng code group identifbation code GIC Is selected according 
to the sbt leading timing. For the GIC selection, a correlatbn between the GIC received arKi each of predetermined 
GICs Is performed and correlatbn results are compared with one another. When the GIC selection failed, the process 
45 is returned to the step S201 . When the GIC selection succeeded, the selected GIC is reset to the matched fitter at step 
S208. A multi-pat pattem and a delay profile are detected according to the correlatbn output after the resetting. 
[0072] At step S21 0, GIC and CSC are despread, and a correction coefficient for fading compensation is calculated 
at step S211 . The fading compensatbn of GIC is performed by the correctbn coeffbient at step S212, and the rake 
combining of the GIC is performed according to the delay profile at step S21 3. The correlation between the signal after 
50 the rake combining and predetermined GIC modulatbn patterns so that a frame synchronization is judged at step 
S214. After the frame synchronization is established, correlatbn is cabulated by the long codes in the long code group 
designated by the GIC so that one bng code is determined at step S215. 

[0073] Fig. 1 5 shows the GIC selectbn step (S206) in detail. First, a loop counter 1 is initialized to '1 and the i*^ GIC 
code (GIC#1 ) is baded to the matched filter at step S302. A correlation power of GIC code is detected at step S303, 
55 the correlatbn outputs are averaged for a plurality of slots at step S304. When the average is over a threshold (step 
S305), the G1C#1 is successively found (step S306). None of the correlation outputs does not exceed the threshold, 
it is judged that the selectbn failed (step S307). When there is another GIC code GlC#i to be searched, the bop counter 
is increased by "V. and the process is returned to the step S30d. 
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[0074] Fig.16A shows the slot timing detection portion ST is detail. The stot timing detection portion ST includes a 
matched fitter MF4 tor despreding the I- and Ocomponents by the common short code. The despread I- and Q-com- 
poncnts COI4 and COQ4 are output as correlation outputs by the common short code to the frame synchronization 
detection portion FS in Fig. 13. The signals COI4 and COQ4 are input to a power calculator PWR4 for calculating the 

s correlation power 841 . When the correlation power S41 is more than the threshold, it is judged that the common short 
code is detected. The correlation power 341 is averaged for a plurality of slots by a averaging circuit AVG4. The 
averaged power S42 is judged in a judging portion JUD4 for detecting a timing of a leading end of the slot. The detected 
slot leading end is output as a signal SLO and input to a frame synchronization establishing portion FS. The common 
short code CSC is reset in the matched fitter MF4. 

10 [0075] Fig. 1 6B shows the long code group identification code detection portion GD. The long code group identification 
code detection portion includes a matched filter MF5 for despreding the I- and Q-components by a plurality of prede- 
termined long code group identification codes GIC. The despread I- and Q-components COI5 and COQ5 are input to 
a power calculator PWR5 for calculating the con^elation power S51 . The correlation power S51 is averaged for a plurality 
of slots by a averaging circuit AVG5. The averaged power S52 is judged in a judging portion JUD5 for selecting one 

15 GIC from comparison of the averaged power with a plurality of predetermined GIC. The selected GIC is reset in the 
matched fitter MF4, as well as, is output to the frame synchronization detection portion FS and long code search portion 
LCS (Fig. 13) as a signal GICo. 

[0076] Fig.ieC shows the long search portbn LCS. The long code search portion includes a matched filter MP? to 
which a tong code in the selected long code group is set. The despread outputs consists of I- and Q-components COI7 

20 and COQ7 which are input to a power calculator PWR7 for calculating the correlation power S71 . The correlation power 
S71 is averaged for a plurality of slots by a averaging circuit AVG7. The averaged power S72 is judged in a judging 
portion JUD7 for selecting one long code from comparison ol the averaged power with a plurality of long codes in the 
long code group. The selected long code is reset in the matched filter MF7, as well as, is output to the signal reception 
portion SR (Fig.1 3) as a signal LCSo. 

25 [0077] Fig.16D shows the signal reception portion SR which includes a matched fitter MF8 to which the selected 
long code is set at a timing of the frame synchronization signal FSo. An output of the matched filter MF8 consists of I- 
and Q-components COI8 and COQ8, respectively, which are input to a fading compensation portion FC8. An output 
of the fading compensation portion FC8 is input to a rake combiner RK8 for rake combining. The received signal after 
the rake combining is input to a channel codec portion for reproducing the infomr«tk)n signal transmitted. 

30 [0078] Fig. 1 7 shows a frame synchronization establishing portion FS in detail. The frame synchronization establish- 
ing portkxi FS includes a matched fitter MF6 for despreding the I- and Q-components by the selected GICo. GICo is 
modulated by a predetermined pattem. The despread I- and Q-components COI6 and COQ6 are input to a power 
calculator PWR6 for calculating the con^elation power. The correlatbn power S51 is input to a delay profile detectk>n 
portion PRFL for detecting a delay profile from the correlatbn power. The delay profile is input together with the CSCI 

35 and CSCQ to a correct kxi coefficient cateulation portion CCC for cateulating a correctran coefficients CCI and CCQ of 
I- and Q-components, respectively. The output COI6 and CDQ6. the correctbn coefficients CCI and CCQ are input to 
a fading compensation portbn FC6 for fading compensation of COI6 and COQB. The received signal after the rake 
combining is input to a rake combiner RK6 for rake combining. The signal after the rake combining is input to a frame 
matched filter FMF for calculating a correkation between the signal after the rake combining and a nrxxiulatbn pattern 

40 of GICo. A power is cateulated from this correlation by a power calculator PWR6, and a judgment portion JUDG judges 
frame synchronizatk)n according to the power When the frame synchronizatbn is established, the judgnrtent portion 
JUDG6 outputs a frame syrtchronization signal FS to the signal receptkxi portk>n SR. 

[0079] Figs. 1 8 to 24 show a gain control apparatus utilized for the above embodiments. This gain control apparatus 
cateulates a gain of an amplifier from a norm of 1- arKl Q-components of an output of a complex matched filter or a 
45 quadrature detector. 

[0080] Fig. 18 is a bk»k diagram of a first embodiment of the gain control apparatus. A radk> frequency (RF) signal 
received by an antenna is downconverted to be a intermediate frequency (IF) signal that is input to an amplifier (VGA) 
11. An output of the amplifier 11 b input to a quadrature detector including multiplcatbn circuits 12 and 13, a phase 
shifter and an oscillator 1 4. The output of the amplifier is multiplied, in the multiplication circuits 1 2 and 1 3. by a wave 

so generated by the oscillator 14 and a wave delayed by a phase of (ic/2) from the above wave, respectively. Outputs of 
the multiplicatkxi circuits 12 and 13 are I- and Q-components off the intermediate signal, whbh are passed through 
lowpass filters 1 6 and 1 7, respectively, for eliminating high frequency components. Outputs of the lowpas filters 1 6 and 
17 are input to a complex matched fitter 20 for despreading the l-and Q-components by spreading codes stored in a 
spreading code memory means 21 . The despread signal is usually a multi-path signal including a plurality of signals 

55 originated from one signal but transferred through different transfer-paths. Therefore, a plurality of correlatbn peaks 
occur within one symbol period of the outputs of the matched filter 20. Fig.1 9 shows the plurality of peaks by a reference 
SI. 

[0081] The multi-path signals SI of the l-and Q-components are input to sampling and hoWing circuits 31 and 32 for 
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holding the signals, respectively. The sampling and holding circuit 31 and 32 are controlled by a controller 45 for 
selectively holding peaks of rather high level. The outputs of the matched filter 20 is input to a level detection circuit 
41 for calculating a norm (absolute value) of the I - and Q-components. The level detection circuit 41 further compares 
the norm with a predetermined threshold so as to output peaks higher than the threshold. The extracted peak data is 
s converted by an analog to digital (A/D) converter 42 into a digital signal. The digital signal is averaged by a recurrent 
Integration circuit 43 for a plurality of symbol periods, and significant peaks are extracted from the averaged signal. 
The controller supplies sampling and holding signals S2 (Fig.1 9) to the sampling and holding circuits 31 and 32. There- 
fore, the sampling and holding circuits 31 and 32 hold only significant correlation peaks. 

[0082] Outputs of the sampling and holding circuits 31 and 32 are converted by analog to digital (A/D) converters 
10 33 and 34, respectively, into digital signals, and are input to a coherent detector 35. The coherent detector 35 performs 
fading compensation for eliminating influences of fading so that the I- and Ocomponents are perfectly separated. 
Then, the plurality peaks of l-and Q-components within one symbol period are combined by a rake combiner 36. An 
output of the rake combiner 36 is a rake-combined signal S3 shown in Fig.1 9. 

[0083] The output of the A/D converter 42 is further input to a gain calculatbn circuit 51 for calculating gains of 
15 amplificatbn of the above RF signal and the above IF signal. The amplifier RF-AGC for amplifying the RF signal is not 
shown. The gain for amplification of the IF signal is input through an anatog to digital (A/D) converter 52 to the amplifier 
11 . Then, amplification gains are optimized. 

[0084] Fig. 20 is a bkx:k diagram of the matched filter 20 of 256 taps, for example. The matched filter 20 includes 
256 sampling and holding circuits SHI to SH256 for hokfing the I- and Q-components. A plurality of multiplication 

20 circuits Ml to M256 are connected to the sampling and holding circuits SHI to SH256, respectively, for multiplying the 
components by spreading codes for each components. Outputs of the multiplbation circuits Ml to M256 are integrated 
and added by an adder 22. The spreading code is a sequence of one bit data, and the matched filter multiplies '+1 ' 
when the bit is "1" and '-V when the bit is "OV The adder subtracts a summatk>n of signals multiplied by '-V from a 
summatbn of signals multiplied by "+1 An output of each components from the adder 22 is a voltage signal and is 

25 adjusted to be a proper level by a scaling circuit 23. The sampling and holding circuits are serially connected for 
receiving a new signal at the first stage SHI and transferring the signal successively towards the last stage SH256. 
[0085] An algorithm for cafoulatingihe gain in the gain cabulation circuit 51 is shown in Fig51 , In Fig.21 , the horizontal 
coordinate represents power (norm) of the I- and Q-components. and the vertk:al coordinate represents the gain. The 
gain decreases stepwisely as the power increases in a area of gain between a k>wer threshold Oand an upper limit 

30 Max. This algorithm is given by a table which output a gain G1 when the power is between W1 and W2 corresponding 
to the gain G1 . When the power is equal to Max, the gain is set to be lower limit value of Gm. 
[0086] The gain obtained by the gain calculatkxi circuit 51 is determined so that the output from the rake combiner 
36 is in an adequate range of level. Even when a deviation occurs due to shadowing etc. in the received sigr^l, the 
gain is quk;kly and adequately adjusted. So, the demodulated signal is good in S/N ratio. 

35 [0087] Fig.22 shows another embodiment of the gain control apparatus. Differently from the embodiment in Fig.1 8, 
the gain cak^ulation circu'rt 51 receives signal before the complex matched filter 20. The signal before the complex 
matched filter 20. that is. after the bwpass filters 16 and 17 are input to an absolute circuit 60 for calculating an absolute 
value of the I- arKl Q-components. The absolute value is input to an A/D converter 61 for converting the absolute value 
into a digital sigrtal. The digital signal is input to the gain calcutetion circuit 51. The gain control circuit 51 is similar to 

40 that in Fig. 18. In this embodiment, it is possble to calculate the gain according to the total signals received so as to 
prevent over-range of the amplifier 11. in additbn to the advantages of the embodiment in Fig.1 8. 
[0088] Fig. 23 shows the absolute circuit 60 in detail. The absolute circuit 60 calculates an approximatk)n value of 
an absolute of a complex number. The absolute circuit 60 includes a first and second absolute circuits 71 and 72 for 
add'tng I- and Q-components. from the lowpass filters 16 and 17, to an offfset vc^ge (Vdd/2), respectively. Here, Vdd 

45 is a supply voltage. The outputs of the absolute circuits 71 and 72 are integrated by capacitive couplings 62 and 63. 
The capacitive coupling 62 includes capacitances 62a and 62b receiving outputs of the absolute circuits 71 and 72, 
respectively. The capacitive coupling 63 includes capacitances 63a arKi 63b receiving outputs of the absolute circuits 
71 arwd 72, respectively. Outputs of the capacitances 62a and 62b are commonly connected to an inverter 64. and 
outputs of the capacitances 63a and 63b are commonly connected to an inverter 66. Outputs of the inverters 64 and 

so 67 are connected through feedback capacitances to their inputs, respectively 

[0089] The capacitances 62a. 62b and 65 have capacities of a ratk> of 2:1:2. The capacitances 62a. 62b and 65 
have capacities of a ratk) of 1 :2:2. Then, output voltage V64 and V66 of the inverter 64 and 66 are defined by the 
formulae (1)and (2). 

55 
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Here, C1 , C2, C3, C4, C5 and C6 are capacities of the capacitances 62a, 62b, 65, 63a, 63b and 67. Abs(l) is a voltage 
signal output from the absolute circuit 71 , and Abs(Q) is a voltage signal output from the absolute circuit 72. 
[0090] The outputs of the absolute circuits 71 and 72 are input to a comparator 81 for outputting a comparison signal 
SC indicating which of outputs Abs(l) and Abs(Q) is larger than the other. The comparison signal SC and outputs V64 
and V66 are input to a multi-plexer 82 for selectively outputting the larger of the V64 and V66 in response to the signal 
SC. 

[0091] An output of the multi-plexer 82 is input through a capacitance 83 to an inverter 84 an output of which is 
connected through a feedback capacitance 85 to its input. Since the capacitances 83 and 85 have capacities C7 and 
C8 equal to each other, the second temns of the outputs shown in the formula (1 ) and (2) are reversed by the inverter 
84. An output V60 of the absolute circuit 60 is an addition of the reversed voltage and the offset voltage (Vdd/2). 
[0092] The output V60 is defined as in the formulae (3) and (4). 
When Abs(1)^Abs(Q), 

K60 ^Vdd'VM^ AbsU) \ ^ Abs{Q) '^Vdd (3) 



When Abs(I)<Abs(Q), 



VBO = VW- VBe = I AJbs(t) + Abs(Q) - 1 Vdd (4) 



[0093] Fig.24 shows the absolute circuit 71 in detail. The descriptions for the absolute circuit 72 is omitted because 
it is similar to the circuit 71 . The absolute circuit 71 includes a MOS inverter 73 for judging whether an input voltage 
Vin IS more than a threshold Vdd^, and for outputting a voltage of Vdd when Vin is not more than Vdd/2, and a voltage 
of OV when Vin is more than Vdd/2. The input voltage Vin is input through a capacitance 74 to an inverter 75 an output 
of which is connected through a feedback capacitance 76 to its input. The capacitances 74 and 76 have capacities 
equal to each other so as to output an inversktn of a difference between Vin arKi Vdd/2 stably and accurately. A multi- 
plexer 77 is provkled for receiving the input voltage Vin and the output of the inverter 75. The multi-plexer 77 is controlled 
by the output of the inverter 73 so as to output Vin when Vin^ Vdd/2. and to output an inverskxi (Vdd-Vm) when Vin<Vdd/ 
2. 

[0094] For example, when Vdd=1 OV, the offset voltage is 5V. When the input voltage is 8V, the output of the absolute 
circuit 71 is 8V, while, when Vin=3V, the output=7V 

[0095] The gain control apparatus is not limited for the signal receptk>n apparatus for log code search, but applicable 
to any types of DS-CDMA communk:ation system. 
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Claims 

1 . A DS-CDMA cellular system comprising a plurality of cells, each having one base station, and a plurality of mobile 
stations, a short code being defined commonly to all of said celts, a plurality of long codes each of which is different 
from the others being uniquely allocated to each cell, a long code synchronization timing being detected by a 
correlation using said short code, said long codes being searched in each said mobile station by a partial correlation 
in a timing according to said tong code synchronization timing, characterized in that: 

said partial correlation is a correlation between a signal received and a segment of a code defined by a part 
of said long code, said part being shifted in said long code. 

2. A DS-CDMA cellular system as claimed in Claim 1 . further comprising: 

a complex matched filter in each said rTK>bile station for said partial correlation and for despreading said long 
code; 

a power calculator for calculating a power of an output of said matched filter; 

a long code synchronization timing judgment portion for judging a synchronization timing of said long code 
according to an output of said power calculator; and 

a long code identification portion for determining a long code according to said output of said power calculator 
and an output of said long code synchronization timing judgment portion, 

3. A tong code search scheme for DS-CDMA cellular system including a plurality of ceils, each having one fc>ase 
station, and a plurality of mobile stations, a short code being defined commonly to all of said ceils, a plurality of 
long codes each of which is different from the others being uniquely allocated to each cell, comprising steps of: 

detecting a long code synchronization timing by a correlation using said short code; and 
searching said tong codes in each said mobile station by a partial con^elation in a timing according to said long 
code synchronization timing, said partial correlatbn being a correlation between a signal received and a seg- 
ment of a code defined by a part of said tong code, said part being shifted in said tong code. 

4. A tong code search scheme as claimed in Claim 2, wherein said code defined by said long code ts a composite 
code made by said long code and said comnrKxi short code. 

5. A tong code search scheme as claimed in Claim 2, wherein said code defined by said long code is composite code 
made by logical exclusive-or calculation of said tong code and said comrTK>n short code. 

6. A tong code search scheme as claimed in Claim 2, wherein said code defined by said long code is said long code 
itself. 

7. A tong code search scheme for DS-CDMA cellular system including a plurality of celts, each having one base 
station, and a plurality of mobile stations, a short code being defined commonly to alt of said cells, a plurality of 
tong codes each of which is different from the others being uniquely allocated to each cell, a plurality of long code 
groups arKt tong code group identification code for indicating said group being defined, comprising steps of; 

detecting a delay profile of said long code group identification code; 

compensating said long code group identification code in fading according to said short code; and 
rake combining said tong code group. 

& A DS-CDMA cellular system comprising a plurality of cells, each having one base station, and a plurality of wobWe 
stations, a short code being defined comnrKxity to alt of said celts, said short code being transmitted every slots, 
a plurality of tong codes each of which is different from the others being uniquely allocated to each celt, said bng 
codes being transmitted every frames, a plurat'rty of long code groups and long code group identification code for 
indicating said group being defined, defining a timing d said bng code group identification code by a correlation 
using said short code, said tong codes groups being searched in each said mobile statbn by a correlation in a 
timing according to said timing, said long codes being searched within a bng code group searched, characterized 
in that: 

a delay profile of said long code group identification code is detected, said long code group identification 
code is ccxnpensated in fading according to said short code, said long code group identification code is combined 
by ralce combining after the fading compensation, said long code group identification code is demodulated after 
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said rake combining. 

9. A DS-CDMA cellular system as claimed in Claim 8. further comprising: 

s a first matched fitter for despreading said common short code; 

a second matched filter for despreading said long code group identification codes; 

a phase compensation incans for detecting fading distortion of said comnrion short code according to an output 
of said first matched fitter and for compensating long code group identification code in fading according to said 
fading distortion; and 

10 a ralce combiner for rake combining of an output of said phase compensation means. 

10. A DS-CDMA cellular system as claimed in Claim 8, further comprising: 

a third nnatched fitter for holding an output of said rake combiner for a plurality of said slots and for calculating 
IS a correlation between said \ong code group identification code and a modulation pattern of said long code 

group tdentificatton code; and 

a frame synchronization judgment portk>n for judging whether a frame synchronization is established or not. 

11. A DS-CDMA cellular system comprising 

20 

a plurality of celts each having one base station which transmits a signal spread by a spreading code; and 
a plurality of nrx>bile stations each of which comprising: 

a high frequency reception portion for receiving a radio frequency signal from said base stations, for am- 
25 plifying said radio frequency signal and for converting said radio frequency signal into an intermediate 

signal; 

an intermediate frequency amplifier for amplifying said intermediate signal; 
a quadrature detector for extracting I- and Q-components from said intermediate signal; 
a matched filter for timing according to saki timing, said \ong codes being searched within a long code 
30 group searched, 

characterized in that: 

a delay profile of said long code group identrficatkxi code is detected, said long code group identification code 
35 Is compensated in fading according to sakJ short code, said long code group kientification code is combined 

by rake combining after the fading compensatkxi, said bng code group kientificatkxi code is dennodulated 
after saki rake combining. 
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